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(54) Membrane electrode assembly and fuel cell 

(57) In order to provide a membrane electrode as- 
sembly and a fuel cell in which the thickness of the solid 
polymer electrolyte membrane is thin by enhancing self- 
protection of the solid polymer electrolyte membrane, a 
membrane electrode assembly (20) comprises a solid 
polymer electrolyte membrane (22) and a pair of gas dif- 
fusion electrode layer (24 and 26) having catalyst layers 
(28 and 30) and gas diffusion layers (24 and 26). The 



catalyst layers of the gas diffusion electrode layer sand- 
wich the solid polymer electrolyte membrane, one sur- 
face of the solid polymer electrolyte membrane is cov- 
ered by the gas diffusion electrode layer (26) and the 
other surface of the solid polymer electrolyte membrane 
extends over the gas diffusion electrode layer (24), and 
ends of the catalyst layer of one gas diffusion electrode 
layer are disposed to be offset to ends of the catalyst 
layer of the other gas diffusion electrode layer. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a membrane 
electrode assembly having a pair of gas diffusion elec- 
trode layers on each side of a solid polymer electrolyte 
membrane, and a fuel cell having the membrane elec- 
trode assembly sandwiched by a pair of separators. In 
particular, the present invention relates to a membrane 
electrode assembly or a fuel cell having a solid polymer 
electrolyte membrane extending over one gas diffusion 
electrode layer. 

Description of Related Art 

[0002] Some types of fuel cell have a structure in 
which a fuel cell unit comprises a membrane electrode 
assembly which is sandwiched by a pair of separators, 
and a plurality of the fuel cell units are stacked. 
[0003] An example of such a membrane electrode as- 
sembly is explained with reference to FIG. 9. In the 
drawing, a reference numeral 1 indicates a membrane 
electrode assembly. The membrane electrode assem- 
bly 1 comprises a solid polymer electrolyte membrane 
2 and gas diffusion electrode layers 3 and 4 (an anode 
gas diffusion electrode layer 3 ; a cathode gas diffusion 
electrode layer 4) which are disposed on both sides of 
the solid polymer electrolyte membrane 2. In the gas dif- 
fusion electrode layers 3 and 4, catalyst layers 5 and 6, 
and gas diffusion layers 7 and 8 are formed. The catalyst 
layers 5 and 6 contact both sides of the membrane elec- 
trode assembly 2.. As shown in FIG. 9, the planar di- 
mension of the solid polymer electrolyte membrane 2 is 
larger than the planar dimension of the gas diffusion 
electrode layers 3 and 4 disposed on both sides of the 
solid polymer electrolyte membrane 2. A portion of the 
solid polymer electrolyte membrane 2 extends to an out- 
er circumferential region of the gas diffusion electrode 
layers 3 and 4. On both sides of the membrane electrode 
assembly 1 having such a structure, a pair of separators 
(not shown in the drawing) are disposed. Ring-shaped 
sealing members (not shown in the drawing) are dis- 
posed near a peripheral portion of the separator facing 
each other; thus, a fuel cell unit is formed. 
[0004] In the fuel cell unit having such a structure, 
when a fuel gas (for example, a hydrogen gas) is sup- 
plied to a reactant surface of the above-mentioned an- 
ode gas diffusion electrode layer 3, hydrogen is ionized 
in a catalyst layer 5 of the anode gas diffusion electrode 
layer 3 so as to be transmitted to a catalyst layer 6 of a 
cathode gas diffusion electrode layer 4 via a solid poly- 
mer electrolyte membrane 2. An electron which is gen- 
erated during such a transmission is extracted to the 
outside of the membrane electrode assembly and is uti- 
lized as a direct current electric energy. An oxidizing gas 



(for example, air containing oxygen) is supplied to the 
cathode gas diffusion electrode layer 4; thus, a hydro- 
gen ion, an electron, and oxygens react so as to gener- 
ate water. 

5 [0005] Examples of othertype of membrane electrode 
assembly are shown in FIGS. 1 0 and 1 1 . In a membrane 
electrode assembly 1 shown in FIG. 1 0, a solid polymer 
electrolyte membrane 2 and gas diffusion electrode lay- 
ers 3 and 4 are formed in the same size having the same 
10 ends and layered (See US Patent No. 5,176,966). In a 
membrane electrode assembly 1 shown in FIG. 1 1 , gas- 
kets 10 and 1 1 are disposed between the solid polymer 
electrolyte membrane 2 and the gas diffusion electrode 
layers 3 and 4 so as to seal end portions of the solid 
15 polymer electrolyte membrane 2 by the gaskets 1 0 and 
11 (See US Patent No. 5,464,700). 
[0006] However, conventional membrane electrode 
assembly has the following problems. 
[0007] Recently, it is demanded that the sizes of a fuel 
20 cells be reduced. In order to supply such a fuel cell, 
thickness of a solid polymer electrolyte membrane in a 
membrane electrode assembly tends to be thinner. 
When thickness of a solid polymer electrolyte mem- 
brane 2 in a membrane electrode assembly 1 shown in 
25 FIG. 1 is reduced, there is a concern that strength of a 
portion of the solid polymer electrolyte membrane 2 
which extends over gas diffusion electrode layers 3 and 
4 may decrease. 

[0008] Furthermore, in a membrane electrode assem- 
30 bly 1 shown in FIG. 9, a solid polymer electrolyte mem- 
brane 2 receives stress from the outer circumferential 
end of catalyst layers 5 and 6 to the same regions on 
both sides of the solid polymer electrolyte membrane 2; 
thus, there is a concern that excessive stress occurs 
35 thereon. 

[0009] Also, in a membrane electrode assembly 1 
shown in FIG. 10, both ends of the gas diffusion elec- 
trode layers 3 and 4 which are disposed on both sides 
of the solid polymer electrolyte membrane 2 coincide 
40 both ends of the solid polymer electrolyte membrane 2. 
Thus, reactant gases which are supplied to the gas dif- 
fusion electrode layers 3 and 4 tend to diffuse to the out- 
side thereof. Therefore, there is a concern that the re- 
actant gases may be mixed near the ends of the gas 
45 diffusion electrode layers 3 and 4. Furthermore, there is 
a concern that the ends of the gas diffusion electrode 
layers 3 and 4 are so close that short circuiting will occur. 
[0010] Also, in a membrane electrode assembly 1 
shown in FIG. 11 , gaskets 1 0 and 11 are disposed near 
50 an end region between the gas diffusion electrode lay- 
ers 3 and 4 and the solid polymer electrolyte membrane 
2; therefore, thickness of the end region increases. Also, 
the gas diffusion electrode layers 3 and 4 is bent and 
loses flatness due to contacting the gaskets 1 0 and 1 1 . 
55 Thus, manufacturing process of the membrane elec- 
trode assembly 1 becomes complicated because a 
countermeasures must be taken to maintain flatness. 
[0011] An object of the present invention is to provide 
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a membrane electrode assembly and a fuel cell in which 
the thickness of the solid polymer electrolyte membrane 
is thin by enhancing self-protection of the solid polymer 
electrolyte membrane. 

SUMMARY OF THE INVENTION 

[0012] In order to solve above-mentioned problems, 
a first aspect of the present invention is characterized 
in that a membrane electrode assembly (for example, a 
membrane electrode assembly 20 in embodiments to 
be mentioned later) comprises: 

a solid polymer electrolyte membrane (for example, 
solid polymer electrolyte membrane 22); and 
a pair of gas diffusion electrode layers (for example, 
gas diffusion electrodes 24, 26) having catalyst lay- 
ers (for example, catalyst layers 28 and 30 in em- 
bodiments to be described later) and gas diffusion 
layers (for example, gas diffusion layers 32 and 34 
in embodiments to be described later); wherein 
the catalyst layers of the gas diffusion electrode lay- 
er sandwich the solid polymer electrolyte mem- 
brane; 

one surface of the solid polymer electrolyte mem- 
brane is covered by the gas diffusion electrode layer 
(for example, a cathode gas diffusion electrode lay- 
er 26) and the other surface of the solid polymer 
electrolyte membrane extends over the gas diffu- 
sion electrode layer (for example, an anode gas dif- 
fusion electrode layer 24); 

ends of the catalyst layer of one gas diffusion elec- 
trode layer are disposed to be offset to ends of the 
catalyst layer of the other gas diffusion electrode 
layer. 

[0013] According to such a structure, even though a 
solid polymer electrolyte membrane 22 receives stress 
from the outer circumferential end of catalyst layers 28 
and 30, the stress does not concentrate on the same 
regions on both sides of the solid polymer electrolyte 
membrane 22; thus, it is possible to diffuse the stress 
from both sides of the solid polymer electrolyte mem- 
brane. Therefore, it is possibleto prevent the stress from 
concentrating at the solid polymer electrolyte mem- 
brane. Also, a surface of the solid polymer electrolyte 
membrane is covered with a gas diffusion electrode lay- 
er, therefore, it is possible to protect the solid polymer 
electrolyte membrane and to prevent the solid polymer 
electrolyte membrane from being damaged. Further- 
more, ends of the gas diffusion electrode layers be- 
comes distant from each of them; therefore, there is no 
concern that the reactant gases which are supplied to 
the gas diffusion electrode layers will mix near the ends 
of the gas diffusion electrode layers. Also, there is no 
concern that short circuiting will occur. Here, a catalyst 
layer may be disposed so as to be offset according to 
position of the other catalyst layer. The planar size of 



the catalyst layers may be of the same size, or may be 
of different sizes. 

[0014] A second aspect of the present invention is 
characterized in that a membrane electrode assembly 

5 has a bonding layer (for example, a bonding layer 36 in 
embodiments to be described later) on outer circumfer- 
ential regions of the catalyst layer (for example, a cata- 
lyst layer 30 in embodiments to be described later) of 
the gas diffusion electrode layer covering the solid pol- 

10 ymer electrolyte membrane, and the bonding layer cov- 
ers a peripheral region of the solid polymer electrolyte 
membrane. By forming bonding layers, a solid polymer 
electrolyte membrane and gas diffusion electrode layers 
are united, and it is possible to increase the strength of 

15 the solid polymer electrolyte membrane in thickness di- 
rection by supporting the gas diffusion electrode layers. 
Therefore, it becomes easy to handle the solid polymer 
electrolyte membrane. Also, the bonding layer covers 
an inner catalyst layer; thus the bonding layer functions 

20 as a seal, and there is no concern that the reactant gas- 
es will mix. Here, it is acceptable that a bonding layer 
be formed on an outer peripheral catalyst of the other 
gas diffusion electrode layer. 

[001 5] A third aspect of the present invention is char- 
ts acterized in that ends of the catalyst layer of the gas 
diffusion electrode layer covering one surface of the sol- 
id polymer electrolyte membrane are disposed in an in- 
ner region relative to the ends of the other catalyst layer. 
According to such a structure, it is possible to form a 
30 bonding layer on the outside of the ends of a catalyst 
layer of the gas diffusion electrode layer covering a sur- 
face of the solid polymer electrolyte membrane. By do- 
ing this, a bonding layer is formed on a gas diffusion 
electrode layer so as to face an end of the other catalyst 
35 layer; thus, the intensity of the solid polymer electrolyte 
membrane increases in a position facing to the ends of 
the other catalyst layer. Therefore, it is possible to pro- 
tect the solid polymer electrolyte membrane from the 
stresses applied from the ends of the other catalyst lay- 
40 er. In addition, the bonding layer is formed in a region 
of the catalyst layer which does not contribute to gener- 
ating electric current, it is possible to maintain efficient 
power generation and minimize the usage of the expen- 
sive catalyst layer. Here, one catalyst layer should pref- 
45 erably be slightly smaller than the other catalyst layer. 
[0016] A fourth aspect of the present invention is dif- 
ferent from the first aspect of the present invention in 
that portions of the gas diffusion layer 34 facing to the 
bonding layer 36 in the first aspect are replaced by a 
50 frame-shaped sealing member 62 (frame-shaped mem- 
ber). In the fourth aspect of the present invention, it is 
acceptable that the planar dimension of the gas diffusion 
layer 34 of the cathode gas diffusion electrode layer 26 
be smallerthan the planar dimension of the gas diffusion 
55 layer 32 of the anode gas diffusion electrode layer 24. 
By doing this, it is possibleto maintain power generation 
efficiency at a similar level to the first aspect. Also, it is 
possible to decrease the usage of expensive gas diffu- 



25 



30 



35 



40 



45 



50 



3 



5 



EP 1 289 042 A2 



6 



sion layer 34; thus, it is possible to reduce the manufac- 
turing cost of the membrane electrode assembly. Fur- 
thermore, there is an effect that it is possible to seal the 
gas diffusion layer 34 by the frame-shaped sealing 
member 62. 

[001 7] A fifth aspect of the present invention is differ- 
ent from the first to fourth aspects of the present inven- 
tion in that a frame-shaped sealing member 72 which 
covers not only the outer circumference of the gas dif- 
fusion layer 34 of the cathode gas diffusion electrode 
layer 26 but also ends of a bonding layer 36 and a solid 
polymer electrolyte membrane 22 is provided. By doing 
this, it is possible to seal not only the gas diffusion layer 
34 but also a catalyst layer 30 and the solid polymer 
electrolyte membrane 22 by the frame-shaped sealing 
member 72. Therefore, there is an effect that it is pos- 
sible to prevent the reactant gases from mixing. In ad- 
dition, there is an effect that it is possible to prevent 
moisturefrom evaporating from the ends of thesolid pol- 
ymer electrolyte membrane 22. 

[001 8] A sixth aspect of the present invention is char- 
acterized in that a fuel cell (for example, a fuel cell 90 in 
embodiments to be mentioned later) comprises: 

a membrane electrode assembly according to any 
one of claims 1 to 5; 

a pair of separators (for example, separators 82, 
and 84) for sandwiching the membrane electrode 
assembly; 

a gas communication passage which is formed be- 
tween the a pair of the separator and the membrane 
electrode assembly; wherein 
reactant (for example, fuel gas 87 and oxidizing gas 
89 in embodiments to be described later) gases are 
supplied to the gas communication passage; 
portions of the membrane electrode assembly 
which are extended overthe gas diffusion electrode 
layer (24) are disposed so as to face each other on 
a near surface to the separator (for example, a sep- 
arator 82 in embodiments to be mentioned later) to 
which a reactant gas having higher pressure than 
the other reactant gas is supplied. By doing this, a 
reactant gas having higher pressure than other re- 
actant gases is supplied to portions of the solid pol- 
ymer electrolyte membrane extending overthe gas 
diffusion electrode layer. The reactant gas pushes 
the portions of the solid polymer electrolyte mem- 
brane extending over the gas diffusion electrode 
layer such that the solid polymer electrolyte mem- 
brane contacts the gas diffusion electrode layer 
covering the one surface of the solid polymer elec- 
trolyte membrane closely. Therefore, it is possible 
to prevent the solid polymer electrolyte membrane 
from being separated from the gas diffusion elec- 
trode layer. 

[0019] As explained above, according to the first as- 
pect of the present invention, the stresses from the end 



surfaces of the respective catalyst layers contacting the 
solid polymer electrolyte membrane do not concentrate 
at one point of the solid polymer electrolyte membrane, 
and the stress can be diffused from both surfaces of the 
5 solid polymer electrolyte membrane; therefore, it is pos- 
sibleto prevent the stress from concentrating to the solid 
polymer electrolyte membrane. Also, a surface of the 
solid polymer electrolyte membrane is covered by the 
gas diffusion electrode layer; therefore, it is possible to 
10 prevent the solid polymer electrolyte membrane from 
being damaged. Accordingly, it is possible to make the 
solid polymer electrolyte membrane thinner. Further- 
more, because end surfaces of the respective gas dif- 
fusion electrode layers are distant, there is no concern 
15 that the reactant gases will be mixed in the end surfaces 
of the gas diffusion electrode layers. Also, there is no 
concern that short circuiting will occur. 
[0020] According to the second aspect of the present 
invention, the solid polymer electrolyte membrane and 
20 the gas diffusion layers are united, and it is possible to 
reinforce the solid polymer electrolyte membrane in the 
thickness direction by supporting by the gas diffusion 
layers. Also, it becomes easy to handle the solid poly- 
mer electrolyte membrane; therefore, it is possible to 
25 make the solid polymer electrolyte membrane thinner. 
Also, the bonding layer functions as a seal for covering 
the inner catalyst layer; thus, it is possible to prevent the 
reactant gases from being mixed. 
[0021] According to the third aspect of the present in- 
30 vention, it is possible to form the bonding layer in a po- 
sition facing the end surfaces of the other catalyst layer 
in the gas diffusion electrode layer covering a surface 
of the solid polymer electrolyte membrane. Therefore, 
the solid polymer electrolyte membrane in the position 
35 can be reinforced. Accordingly, it is possible to protect 
the solid polymer electrolyte membrane from the stress 
applied from the end surfaces of the other catalyst layer. 
In addition, the bonding layer is formed in a portion 
which does not contribute to power generation inthecat- 
40 alyst layer; therefore, it is possible to maintain power 
generating efficiency and minimize the usage of the ex- 
pensive catalyst layer. Thus, it is possible to make the 
solid polymer electrolyte membrane thinner. 
[0022] According to the fourth aspect of the present 
45 invention, there are effects in that it is possible to main- 
tain the power generating efficiency and decrease the 
usage of the expensive catalyst layer; therefore, it is 
possible to reduce the manufacturing cost of the solid 
polymer electrolyte membrane. Also, there is an effect 
50 that it is possible to seal the gas diffusion layer by the 
frame-shaped sealing member. 

[0023] According to the fifth aspect of the present in- 
vention, it is possible to seal not only the gas diffusion 
layer but also the catalyst layers and the solid polymer 
55 electrolyte membrane by the frame-shaped sealing 
member. Therefore, there is an effect that it is possible 
to prevent the reactant gases from being mixed more 
desirably. In addition, there is an effect that it is possible 
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to prevent the moisture from evaporating from the end 
surfaces of the solid polymer electrolyte membrane. 
[0024] According to the sixth aspect of the present in- 
vention, the reactant gases push a portion of the surface 
of the solid polymer electrolyte membrane extending 
over the gas diffusion layer such that the solid polymer 
electrolyte membrane and the gas diffusion electrode 
layer covering a surface of the solid polymer electrolyte 
membrane contact closely. Therefore, it is possible to 
prevent the solid polymer electrolyte membrane from 
being removed from the gas diffusion electrode layer; 
therefore, it is possible to make the solid polymer elec- 
trolyte membrane thinner. 

BRIEF DESCRIPTION OF THE DRAWING 

[0025] 

FIG: 1 is a cross section of a solid polymer electro- 
lyte membrane according to a first embodiment of 
the present invention. 

FIG. 2 is a cross section of a solid polymer electro- 
lyte membrane according to a second embodiment 
of the present invention. 

FIG. 3 is a cross section of a solid polymer electro- 
lyte membrane according to a third embodiment of 
the present invention. 

FIG. 4 is a cross section of a solid polymer electro- 
lyte membrane according to a fourth embodiment 
of the present invention. 

FIG. 5 is a cross section of a solid polymer electro- 
lyte membrane according to a fifth embodiment of 
the present invention. 

FIG. 6 is across section of a fuel cell using the solid 

polymer electrolyte membrane according to the first 

embodiment of the present invention. 

FIG. 7 is a cross section of a fuel cell using the solid 

polymer electrolyte membrane according to the fifth 

embodiment of the present invention. 

FIG. 8 is a plan view of the solid polymer electrolyte 

membrane according to the first embodiment of the 

present invention. 

FIG. 9 is a cross section of a conventional solid pol- 
ymer electrolyte membrane. 
FIG. 10 is a cross section of a conventional solid 
polymer electrolyte membrane. 
FIG. 11 is a cross section of a conventional solid 
polymer electrolyte membrane. 

DETAILED DESCRIPTION OF THE INVENTION 

[0026] Embodiments of the membrane electrode as- 
sembly and fuel cell according to the present invention 
are explained with reference to the drawings as follows. 
FIG. 1 is a cross section of a membrane electrode as- 
sembly 22 according to a first embodiment of the 
present invention. A membrane electrode assembly 22 
is provided with a solid polymer electrolyte membrane 



22, an anode gas diffusion electrode layer 24 and a cath- 
ode gas diffusion electrode layer 26 disposed so as to 
sandwich the solid polymer electrolyte membrane 22. 
Catalyst layers 28 and 30, and gas diffusion layers 32 
5 and 34 are formed on the anode gas diffusion electrode 
layer 24 and the cathode gas diffusion electrode layer 
26 . Th e catalyst layers 28 and 30 contacts both su rfaces 
of the solid polymer electrolyte membrane 22. The main 
component of the catalyst layers 28 and 30 is platinum. 
The gas diffusion layers 32 and 34 are made from po- 
rous layer such as porous carbon cloth, or porous car- 
bon paper. The solid polymer electrolyte membrane 22 
are made of perfluorosulfonic acid polymer (fluorocar- 
bonic polymers). Here, alternatively a member mainly 
made of hydrocarbon resin can be used for a solid pol- 
ymer electrolyte membrane 22. Also, there is no limita- 
tion for a forming method for catalyst layers 28 and 30. 
It is acceptable that the catalyst layers 28 and 30 be 
formed by directly applying the catalyst paste or by va- 
por deposition of the catalyst on surfaces of the gas dif- 
fusion layers 32 and 34. Also ; it is possible for the cat- 
alyst layers 28 and 30 to be formed by transferring the 
catalyst layer which is formed on a different member 
(such as film) on the solid polymer electrolyte mem- 
brane. 

[0027] As shown in FIG. 8, a surface of the solid pol- 
ymer electrolyte membrane 22 extends over the anode 
gas diffusion electrode layer 24, and the other surface 
of the solid polymer electrolyte membrane 22 is covered 
by the cathode gas diffusion electrode layer 26. In this 
way, the planar dimensions of the gas diffusion elec- 
trode layers 24 and 26 disposed on both surfaces of the 
solid polymer electrolyte membrane 22 are different 
from each other; thus, only one surface of the solid pol- 
ymer electrolyte membrane 22 extends over a gas dif- 
fusion electrode layer. Thus, end surfaces of the gas dif- 
fusion electrode layers 24 and 26 are disposed having 
a certain distance via the solid polymer electrolyte mem- 
brane 22. By doing this, it is possible to prevent the re- 
actant gases (fuel gas, oxidizer gas) which are to be 
supplied to the gas diffusion electrode layers 24 and 26 
respectively from being mixed near the end surfaces of 
the solid polymer electrolyte membrane 22. Also ; it is 
possible to prevent short circuiting. Also, a surface of 
the solid polymer electrolyte membrane 22 is covered 
by the cathode gas diffusion electrode layer 26; there- 
fore, it is possible to preventthe solid polymer electrolyte 
membrane 22 from being damaged. 
[0028] In the present embodiment, the planar dimen- 
sions of the catalyst layer 28 of the anode gas diffusion 
electrode layer 24 and the planar dimensions of the cat- 
alyst layer 30 of the cathode gas diffusion electrode lay- 
er 26 are different. Also, the position of the end surfaces 
of the catalyst layers are offset. By doing this, stresses 
from the catalyst layers 28 and 30 contacting the solid 
polymer electrolyte membrane 22 do not concentrate at 
one point; thus, it is possible to diffuse the stresses from 
both of the surfaces of the solid polymer electrolyte 
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membrane. Therefore, it is possible to prevent the stress 
from concentrating at the solid polymer electrolyte mem- 
brane 22. 

[0029] Also, the planar dimensions of the catalyst lay- 
er 30 of the cathode gas diffusion electrode layer 26 are 
smaller than the planar dimensions of the catalyst layer 
28 of the anode gas diffusion electrode layer 24. A bond- 
ing layer 36 is formed on an outer circumference of the 
catalyst layer 30 : and the outer periphery of the solid 
polymer electrolyte membrane 22 is surrounded by the 
bonding layer 36. By disposing such a bonding layer 36, 
the solid polymer electrolyte membrane 22 and the cath- 
ode gas diffusion electrode layer 26 are united; thus, it 
is possible to reinforce the solid polymer electrolyte 
membrane 22 by the gas diffusion layers. Also, it be- 
comes easy to handle the membrane electrode assem- 
bly. Also, the bonding layer 36 functions as a seal for 
covering the inner catalyst layer 30; thus, it is possible 
to prevent the reactant gas from being mixed with each 
other and prevent short circuiting. Furthermore, on the 
solid polymer electrolyte membrane 22, the bonding lay- 
er 36 is disposed so as to be in the same position in 
which the end surfaces of the catalyst layer 28 contact 
the solid polymer electrolyte membrane 22 on an oppo- 
site surface of the solid polymer electrolyte membrane 
22. Therefore, it is possible to protect the solid polymer 
electrolyte membrane 22 from the stress from the end 
surface of the catalyst layer 28. Here, for a bonding 
agent, it is preferable to use a fluorine agent or a silicon 
agent. 

[0030] Next, a second embodiment of the solid poly- 
mer electrolyte membrane 22 according to the present 
invention is explained as follows. FIG. 2 is a cross sec- 
tion of a membrane electrode assembly 40 in the second 
embodiment of the present invention. Hereinafter, the 
same reference numerals are applied to corresponding 
members as shown in the first embodiment so as to omit 
the repeated explanation thereof. The present embodi- 
ment is different from the first embodiment in that the 
end surfaces of the catalyst layer 30 of the cathode gas 
diffusion electrode Iayer26 covering a surface of thesol- 
id polymer electrolyte membrane 22 are disposed out- 
side of the end surfaces of the other catalyst layer 28. 
By doing this, it is possibleto maintain an adhering effect 
in an outer peripheral region of the solid polymer elec- 
trolyte membrane 22 at a high level. Also, similarly to 
the case of the first embodiment, it is possible to reduce 
the possibility that the reactant gases (fuel gas, oxidizer 
gas) to be mixed near the end surfaces of the solid pol- 
ymer electrolyte membrane 22. It is possible to prevent 
short circuiting. Also, it is possible to prevent the solid 
polymer electrolyte membrane 22 from being damaged. 
In addition, the stresses from the end surfaces of the 
catalyst layers 28 and 30 contacting the solid polymer 
electrolyte membrane 22 respectively do not concen- 
trate at one point; thus, the stress is diffused from both 
of the surfaces of the solid polymer electrolyte mem- 
brane 22. Therefore, it is possibleto prevent the stress- 



es from concentrating at the solid polymer electrolyte 
membrane 22. 

[0031] Next, a third embodiment of the membrane 
electrode assembly according to the present invention 

5 is explained as follows. FIG. 3 is a cross section of a 
membrane electrode assembly 50 in the third embodi- 
ment according to the present invention. The present 
embodiment is different from the above-mentioned em- 
bodiments in that a bonding layer 36 is formed at the 

10 outer circumference of the catalyst layer 30 of the cath- 
ode gas diffusion electrode layer 26, and a bonding layer 
52 is also formed at the outer circumference of the cat- 
alyst layer 28 of the anode gas diffusion electrode layer 
24. By doing this, there are effects that it is possible to 

15 enhance the adhering force of the solid polymer elec- 
trolyte membrane 22 and the cathode gas diffusion elec- 
trode layer 26 by the bonding layer 36, and it is possible 
to enhance the adhering force of the solid polymer elec- 
trolyte membrane 22 and the anode gas diffusion elec- 

20 trode layer 24 by the bonding layer 52. As it is similarto 
the case of the first embodiment, it is possible to reduce 
the concern that the reactant gases (fuel gas, oxidizer 
gas) will be mixed near the end surfaces of the solid pol- 
ymer electrolyte membrane 22. Also, it is possible to 

25 prevent short circuiting. Also, it is possible to prevent 
the solid polymer electrolyte membrane 22 from being 
damaged. In addition, the stress from the end surfaces 
of the catalyst layers 28 and 30 contacting the solid pol- 
ymer electrolyte membrane 22 respectively do not con- 

30 centrate at one point; thus, the stress is diffused from 
both of the surfaces of the solid polymer electrolyte 
membrane 22. Therefore, it is possible to prevent the 
stress from concentrating at the solid polymer electro- 
lyte membrane 22. 

35 [0032] In the above-mentioned embodiments, expla- 
nation was made for the case in which the planar dimen- 
sions of the cathode gas diffusion electrode layer 26 are 
larger than the planar dimensions of the anode gas dif- 
fusion electrode layer 24. However, the specific struc- 

40 tural and functional details disclosed herein are merely 
representative and do not limit the scope of the inven- 
tion. Thus, it is acceptable for the planar dimensions of 
the anode gas diffusion electrode layer 24 to be larger 
than the planar dimensions of the cathode gas diffusion 

45 electrode layer 26. 

[0033] Next, a fourth embodiment of the membrane 
electrode assembly according to the present invention 
is explained as follows. FIG. 4 is a cross section of a 
membrane electrode assembly 60 in the fourth embod- 

50 iment according to the present invention. The present 
embodiment is different from the above-mentioned em- 
bodiments in that planar dimensions of the gas diffusion 
layer 34 of the cathode gas diffusion electrode layer 26 
are smaller than the planar dimensions of the gas diffu- 

55 sion layer 32 of the anode gas diffusion electrode layer 
24, and portions of the gas diffusion layer 34 facing the 
bonding layer 36 is replaced by a frame-shaped sealing 
member 62 (frame-shaped member). By doing this, 



6 



11 



EP 1 289 042 A2 



12 



there are effects in that it is possible to maintain power 
generation efficiency at a similar level to the above-men- 
tioned embodiments, and it is possible to reduce the us- 
age of expensive gas diffusion layer 34 for reducing the 
manufacturing cost of the membrane electrode assem- 
bly. Furthermore, there is an effect that it is possible to 
seal the gas diffusion layer 34 by the frame-shaped seal- 
ing member 62. Also, as mentioned in the case of the 
first embodiment, it is possible to reduce the probability 
that the reactant gases (fuel gas, oxidizing gas) will be 
mixed near the end surfaces of the solid polymer elec- 
trolyte membrane 22. Also, it is possible to prevent short 
circuiting. Also, it is possible to prevent the solid polymer 
electrolyte membrane 22 from being damaged. In addi- 
tion, the stresses from the end surfaces of the catalyst 
layers 28 and 30 contacting the solid polymer electrolyte 
membrane 22 respectively do not concentrate at one 
point; thus ; the stresses are diffused from both of the 
surfaces of the solid polymer electrolyte membrane 22. 
Therefore, it is possible to prevent the stresses from 
concentrating at the solid polymer electrolyte mem- 
brane 22. 

[0034] Next, a fifth embodiment of a membrane elec- 
trode assembly according to the present invention is ex- 
plained. FIG. 5 is a cross section of a membrane elec- 
trode assembly 70 according to the fifth embodiment of 
the present invention. The present embodiment is dif- 
ferent from the above-mentioned embodiments in that 
a frame-shaped sealing member 72 is provided so as to 
cover not only the gas diffusion layer 34 of the cathode 
gas diffusion electrode Iayer26 but also the bonding lay- 
er 36 and the end surface of the solid polymer electrolyte 
membrane 22. By doing this, it is possible to seal not 
only the gas diffusion layer 34, but also the catalyst layer 
30 and the solid polymer electrolyte membrane 22 by 
the frame-shaped sealing member 72; therefore, there 
is an effect in that it is possible to prevent the reactant 
gases from being mixed more than desired. In addition, 
there is an effect in that it is possible to prevent moisture 
from evaporating from the end surfaces of the solid pol- 
ymer electrolyte membrane 22. As mentioned similarly 
in the explanation of the first embodiment, it is possible 
to reduce the possibility that the reactant gases (fuel 
gas, oxidizer gas) will be mixed near the end surfaces 
of the solid polymer electrolyte membrane 22. Also, it is 
possible to prevent short circuiting. Also, it is possible 
to prevent the solid polymer electrolyte membrane 22 
from being damaged. In addition, the stresses from the 
end surfaces of the catalyst layers 28 and 30 contacting 
the solid polymer electrolyte membrane 22 respectively 
do not concentrate at one point; thus, the stress is dif- 
fused from both of the surfaces of the solid polymer elec- 
trolyte membrane 22. Therefore, it is possible to prevent 
the stresses from concentrating at the solid polymer 
electrolyte membrane 22. 

[0035] Here, in the fifth embodiment, explanation was 
made for the case in which the planar dimensions of the 
cathode gas diffusion electrode layer 26 are smaller 



than the planar dimensions of the anode gas diffusion 
electrode layer 24. However, the specific structural and 
functional details disclosed herein are merely represent- 
ative and do not limit the scope of the invention. Thus, 
5 it is acceptable that the planar dimensions of the anode 
gas diffusion electrode layer 24 be smaller than the pla- 
nar dimensions of the cathode gas diffusion electrode 
layer 26. Also, it is acceptable for the catalyst layers 28 
and 30 to be formed in the same size if positions of the 
10 end surfaces of the catalyst layers 28 and 30 are offset. 
[0036] A fuel cell using the above-mentioned mem- 
brane electrode assembly is explained below. FIG. 6 is 
a cross section of a fuel cell 80 using the membrane 
electrode assembly 20 according to the first embodi- 
es ment of the present invention. The fuel cell 80 is provid- 
ed with the membrane electrode assembly 20 and a pair 
of separators 82 and 84 for sandwiching the membrane 
electrode assembly 20. In the separators 82 and 84, a 
flow passage grooves 86 and 88 are formed for flowing 
20 the reactant gases respectively. In the present embod- 
iment, a fuel gas (hydrogen) 87 is flowed in theflow pas- 
sage groove 86 of the separator 82, and a oxidizing gas 
(air) 89 is flowed in the flow path groove 88 of the sep- 
arator 84. 

25 [0037] Pressure of the fuel gas 87 is set to be higher 
than the pressure of the oxidizing gas 88. By doing this, 
high pressure fuel gas 87 is supplied to a surface ex- 
tending over the anode gas diffusion electrode layer 24 
of the solid polymer electrolyte membrane 22, and the 

30 fuel gas 87 pushes the extended surface of the solid pol- 
ymer electrolyte membrane 22. The solid polymer elec- 
trolyte membrane 22 itself is thin, and the solid polymer 
electrolyte membrane 22 extends and shrinks according 
to the moisture content thereinside; therefore, there is 

35 a possibility that the solid polymer electrolyte membrane 
22 may be damaged unless modified as necessary. 
However, in the present embodiment, the fuel gas 87 
pushes the extended surface such thatthe solid polymer 
electrolyte membrane 22 and the gas diffusion electrode 

40 layer 26 into close contact; therefore, it is possible to 
reinforce the solid polymer electrolyte membrane 22 
and prevent the solid polymer electrolyte membrane 22 
from being damaged. 

[0038] Also, a seal member 90 is provided between a 
45 portion of the solid polymer electrolyte membrane 22 ex- 
tending over the anode gas diffusion electrode layer 24 
and the separator 82. A seal member 92 is provided be- 
tween the separator 82 disposed outside of the seal 
member 90 and the separator 84. The seal members 90 
50 and 92 have approximately circular cross section of; 
therefore, the seal members 90 and 92 are compressed 
(transformed in approximately oval shape) in a thick- 
ness direction when forming a fuel cell 80. Close contact 
of theseal members 90 and 92 increase; thus, high seal- 
55 jng performance can be realized. 

[0039] Hereinafter, fuel cells having other structures 
are explained. FIG. 7 is a cross section of a fuel cell 1 00 
using the membrane electrode assembly 70 according 
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a solid polymer electrolyte membrane (22); and 
a pair of gas diffusion electrode layer (24, 26) 
having catalyst layers (28, 30) and gas diffusion 
layers (32, 34); wherein 

5 the catalyst layers (28, 30) of the gas diffusion 

electrode layer (24, 26) sandwich the solid pol- 
ymer electrolyte membrane (22); 
one surface of the solid polymer electrolyte 
membrane (22) is covered by one gas diffusion 

10 electrode layer (24) and the other surface of the 

solid polymer electrolyte membrane (22) ex- 
tends over the other gas diffusion electrode lay- 
er (26); and 

ends of the catalyst layer (28) of one gas diffu- 
15 sion electrode layer (24) are disposed to be off- 

set to ends of the catalyst layer (30) of the other 
gas diffusion electrode layer (26). 

2. A membrane electrode assembly (20) according to 
20 claim 1 having a bonding layer (36) on an outer cir- 
cumferential region of the catalyst layer (28) of the 
gas diffusion electrode layer covering the solid pol- 
ymer electrolyte membrane (22), wherein the bond- 
ing layer (36) covers a peripheral region of the solid 

25 polymer electrolyte membrane (22). 

3. A solid polymer electrolyte membrane (22) accord- 
ing to claim 2, wherein ends of the catalyst layer 
(28) of the gas diffusion electrode layer (24) cover- 

30 ing one surface of the solid polymer electrolyte 
membrane (22) are disposed in an inner region rel- 
ative to the ends of the other catalyst layer (30). 

4. A membrane electrode assembly comprising (20): 

35 

a solid polymer electrolyte membrane (22); 
a pair of gas diffusion electrode layers (24, 26) 
having catalyst layers (28, 30) and gas diffusion 
layers (32, 34); and 

40 a bonding layer (36), wherein 

the catalyst layers (28, 30) of the gas diffusion 
electrode layer (24, 26) sandwich the solid pol- 
ymer electrolyte membrane (22); 
one surface of the solid polymer electrolyte 

45 membrane (22) is covered by one gas diffusion 

electrode layer (26) and a frame-shaped seal- 
ing member (72) which is disposed outside of 
the gas diffusion electrode layer (26), and the 
other surface of the solid polymer electrolyte 

50 membrane (20) extends over the other gas dif- 

fusion electrode layer (24); 
ends of the catalyst layer (28) of one gas diffu- 
sion electrode layer (24) are disposed to be off- 
set to ends of the catalyst layer (30) of the other 

55 gas diffusion electrode layer (26). 



to the fifth embodiment of the present invention. In this 
case, by contacting the frame-shaped sealing member 
72 to the seal member 90 closely, it is possible to seal 
the membrane electrode assembly 70 against the out- 
side thereof. Also, the seal member 90 does not contact 
the solid polymer electrolyte membrane 22 closely, and 
a pushing force from the seal member 90 is not applied 
to the solid polymer electrolyte membrane 22; thus, it is 
possible to enhance the protection of the solid polymer 
electrolyte membrane 22 more reliably. 

[Example] 

[0040] A membrane electrode assembly is produced 
as follows. Nafion 112 (Trademark of Dupont Inc.) is 
used for a solid polymer electrolyte membrane. A cata- 
lyst layer is produced as follows. That is, an ion conduc- 
tive binder and a catalyst powder made of a carbon pow- 
der having platinum (Pt) thereon are mixed with a pre- 
determined ratio; thus, a catalyst paste is produced. 
Screen printing of the catalyst paste is performed such 
that end surfaces are offset at predetermined positions 
on both surfaces of the solid polymer electrolyte mem- 
brane. After that, the catalyst paste is dried; thus, the 
catalyst layers are formed on both surfaces of the solid 
polymer electrolyte membrane. 

[0041 ] For a gas diffusion layer, a plate member made 
of a carbon paper is used. After a bonding agent is ap- 
plied to a peripheral part of the gas diffusion layer, the 
gas diffusion layer is adhered to the solid polymer elec- 
trolyte membrane having the catalyst layer. Also, after 
the other gas diffusion layer is disposed at a predeter- 
mined position on the other surface of the solid polymer 
electrolyte membrane, hot press processing is per- 
formed at high temperature for a certain period of time; 
thus, the membrane electrode assembly is produced. 
[0042] In order to provide a membrane electrode as- 
sembly and a fuel cell in which the thickness of the solid 
polymer electrolyte membrane is thin by enhancing self- 
protection of the solid polymer electrolyte membrane, a 
membrane electrode assembly (20) comprises a solid 
polymer electrolyte membrane (22) and a pair of gas dif- 
fusion electrode layer (24 and 26) having catalyst layers 
(28 and 30) and gas diffusion layers (24 and 26). The 
catalyst layers of the gas diffusion electrode layer sand- 
wich the solid polymer electrolyte membrane, one sur- 
face of the solid polymer electrolyte membrane is cov- 
ered by the gas diffusion electrode layer (26) and the 
other surface of the solid polymer electrolyte membrane 
extends over the gas diffusion electrode layer (24), and 
ends of the catalyst layer of one gas diffusion electrode 
layer are disposed to be offset to ends of the catalyst 
layer of the other gas diffusion electrode layer. 



Claims 

1 . A membrane electrode assembly (20) comprising: 



5. A membrane electrode assembly (20) according to 
claim 4 wherein the frame-shaped sealing member 
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(72) is formed so as to cover the ends of the mem- 
brane electrode assembly (20). 

6. A fuel cell comprising 

5 

a membrane electrode assembly (20) accord- 
ing to any one of claims 1 to 5; 
a pair of separators (82, 84) for sandwiching the 
membrane electrode assembly (20); 
a gas communication passage (86, 88) which 10 
is formed between the pair of the separators 
(82, 84) and the membrane electrode assembly 
(20); wherein 

reactant gases are supplied to the gas commu- 
nication passage (86, 88); 15 
portions of the membrane electrode assembly 
(20) which are extended over the gas diffusion 
electrode layer (24) are disposed so as to face 
each other on a near surface to the separator 
to which a reactant gas having higher pressure 20 
than the other reactant gas is supplied. 

7. A catalyst layer (28) of a membrane electrode as- 
sembly (20) according to claim 1 which is obtained 

by performing a screen printing of a catalyst paste 25 
and drying the same, wherein the catalyst paste is 
made of an ion conductive binder and a catalyst 
grain madefrom a carbon grain containing platinum 
are mixed in a certain ratio. 

30 
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